INTRODUCTION
years since establishment) (Kanowski et al., 2003) . However, increasing the amount of litter in plantations may help offset a more open canopy, by providing better insulation against temperature and moisture extremes, and more resources for colonising soil and litter arthropods (Greenslade & Majer, 1993; Koivula et al., 1999; Majer et al., 1984; Nakamura et al., 2003) . This may be achieved through the addition of a layer of organic mulch (such as woodchips or hay) during the early stages of restoration. Mulch is often used in ecological plantings to improve the survival of tree seedlings by suppressing grass and exotic herbs and conserving moisture. However, we do not know if mulching also benefits soil and litter arthropods, as the effects of shading and litter depth on colonisation patterns have not been systematically studied in restored rainforests.
We investigated the effects of shading and mulch depth on the development of assemblages of soil and litter arthropods in experimentally-created habitat patches within a rainforest landscape now dominated by pasture. This experimental approach enabled us to test systematically the focal factors without interactions with extraneous factors, such as plant species and litter composition, habitat area and proximity to the nearest rainforest, which are inherently variable in studies of actual restoration programs.
We test the hypothesis that the abundance and diversity of rainforest-associated arthropods in restored patches will increase with increased shading and that an opposite pattern will occur for pasture-associated arthropods. Further, we test whether increased mulch depth compensates for reduced shading.
METHODS

Study area
The study was undertaken on the Maleny plateau, in the Sunshine Coast hinterland of eastern Australia (26° 40'-50' S, 152° 45'-53' E, elevation 350 to 530 m). Mean daily maximum and minimum temperatures in mid-summer (January) are 28.9° and 18.8°C respectively, and 19.5° and 7.1°C in mid-winter (July). Average annual rainfall in the region is 1851 mm, with most falling between December and April. Total precipitation during the study period (1437 mm between August 2003 and April 2004) was below average for those months (1633 mm).
Five replicated experimental sites, each comprising an area of pasture abutting a fenced rainforest remnant, were dispersed across a study region of approximately 170 km 2 . Remnants varied from 1.15 ha at one site to over 10 ha at other sites, and were either old regrowth (age of ca.100 years) or had been selectively logged until recently.
Further details of study sites are provided in Nakamura et al. (2007) .
Experimental design
At each site, we established a series of 3 m x 3 m experimental plots that simulated conditions experienced by soil and litter arthropods within areas of rainforest restoration.
All plots were situated in pasture within two metres of a rainforest remnant, so that the results were not confounded by distance effects on colonisation (see Nakamura et al., 2008b) . Plots were at least 5 m apart (Fig 1) .
Plots were first sprayed with approximately 400-600 ml of broad spectrum herbicide (Roundup® Biactive™, 7 .2 g/L Glyphosate), in line with actual restoration procedures conducted in the region (Big Scrub Rainforest Landcare Group, 2005; Goosem & Tucker, 1995) . A companion study found no short-or long-term impacts of the herbicide on soil and litter arthropods inhabiting rainforest litter (Nakamura et al., 2008a) . Plots were then fenced with barbed wire to a height of 1.2m to exclude stock.
Three weeks after herbicide application, all visible vegetation (dead and alive) was removed by hand.
Plots were either unshaded or covered with Sarlon® shadecloth rated at either 50% or 90% protection from insolation. Shadecloth was placed over the top of the plot and 20-40 cm down each side and cut in 15 -20 places with a slit length of 10 -15 cm to permit sunflecks and throughfall of rain. No live plants were planted within experimental plots as this was pragmatically difficult and would confound effects of the focal factors.
A mulch of woodchip and leaf material was placed in either a 'shallow' (3-5 cm) or 'deep' (10-15 cm) layer in a square quadrat (2.5 m x 2.5 m) within each plot. The mulched area was bordered by wire netting (40 cm high, hexagonal mesh size of 1.5 cm (maximum height) x 2 cm (maximum width)) to minimise loss of mulch due to wind or disturbance by larger wildlife. Mulch was derived from vegetation lopped from around powerlines in various locations within about 150 km of the study region, and comprised a mix of foliage and wood derived from rainforest and eucalypt species. Mulch was steam-sterilised for 100 minutes before application to minimise the introduction of exotic species and to create 'empty' habitat patches. Sterilised mulch was stored Seven plots were constructed at each of the five sites. Six plots were experimental treatments, with three levels of shading (0%, 50%, 90%) and two levels of mulch depth (shallow, deep). The seventh was a control plot which received herbicide treatment and vegetation removal but no shadecloth or mulch (Fig 1) . Construction of the field experiment took place between May and August 2003.
Sampling methodology
Arthropods
Pitfall trapping and litter extraction was carried out between 9 April and 7 May 2004, approximately nine months after the plots were established. Four pitfall traps were installed on the diagonal lines of each plot, approximately 80 cm from the centre.
Each trap was a 120 ml plastic vial (44 mm in diameter), buried in the ground with the lip flush with the surface. Vials were filled with 70 to 80 ml of 70% ethanol with a small amount of glycerol. Pitfall traps were operated for five days. Before data analyses, samples from the four pitfall traps were pooled. Litter samples were taken immediately before pitfall trapping. One litre of litter and surface soil (approx. 20% surface soil and 80% litter by volume to a depth of 1 to 2 cm) was collected in small amounts evenly over the entire plot area. Samples were placed in Tullgren funnels within 12 hours of sampling, and extracted for 4.5 days using 40 watt clear light bulbs.
During sampling, care was taken to avoid cross-contamination among the experimental plots. All footwear was covered with thick polythene film and researchers were thoroughly brush-cleaned before and after visiting each plot. Identification of arthropods was to order except (a) Hymenoptera which were split into Formicidae and 'others'; and (b) myriapods, which were sorted to class. Acari and Collembola were not sorted due to their high abundance and ubiquitous occurrence regardless of the experimental treatments. Ants (Hymenoptera: Formicidae) were selected as a target taxon, and sorted to species. Where possible, ants were identified as described species by CJB, using published taxonomic literature, otherwise they were assigned species codes. Voucher specimens are deposited at Griffith School of Environment, Griffith University. Abundances within ant functional groups were expressed as proportions of all ants at each plot, and arcsine-transformed for analysis.
Soil moisture content and temperature
In addition to data from the present study, we incorporated data from a preceding survey (Nakamura et al., 2007) , which provided baseline information on the difference between the arthropod assemblages of rainforest and pasture habitats in the study region.
That survey was carried out in the same location and in a similar season the previous year (8 January to 6 May 2003). Arthropods were collected from three sampling points at each of 24 sites (12 in rainforest remnants and 12 in pasture) across the Maleny region, including the five used for the present study. Although the baseline arthropod sampling was carried out over a slightly larger area than in the present experimental study (each sampling point comprising a circular area of 3 m radius), sampling and sorting protocols were otherwise identical, so that direct comparison was possible.
Baseline survey data were used to identify indicator taxa for either rainforest or pasture habitats, based on the Indicator Value protocol (Dufrene & Legendre, 1997) .
Rainforest/pasture indicators were classed as either 'specialist' (found exclusively in either rainforest or pasture) or 'increaser' (found in both habitat types but significantly more abundant in one). Taxa that did not have significant habitat preferences were 
Data analysis
Two-factor crossed ANOVAs with randomised complete block design were carried out, using SPSS (Rel.13.0) statistical software (SPSS Inc., 2004) 
RESULTS
Arthropod assemblages and their response to shading and mulch
Overall abundances
A total of 8839 arthropods was sampled from the experiment, the majority from A significant effect of shading was found for the total abundances of pitfall-trapped ants (ANOVA for the effect of shading and mulch depth: P = 0.019, P = 0.272 respectively, with interaction P = 0.558); a post-hoc LSD test showed that abundances were greater in 0% (mean = 106.6) and 50% shading (95.3) than in 90% shading (44.9).
Neither the abundance nor taxon richness of ordinal-sorted arthropods, nor the species richness of ants responded significantly to the shading or mulch depth treatments (results not shown).
Ordinal-sorted arthropods
Among pitfall-trapped ordinal-sorted arthropods, two taxa were rainforest 'specialists' (Archaeognatha, Opilionida), as defined by Nakamura et al. (2007); nine rainforest 'increasers' (Blattodea, Coleoptera, Dermaptera, Diplopoda, Diplura, Heteroptera, Isopoda, Pseudoscorpionida, Psocoptera); and three pasture 'increasers' (Araneae, Homoptera, Orthoptera). Among litter-extracted arthropods, there were 14 rainforest 'increasers' (Amphipoda, Blattodea, Chilopoda, Coleoptera, Dermaptera, Diplopoda, Diplura, Formicidae, Heteroptera, Isopoda, 'other Hymenoptera', Pauropoda, Pseudoscorpionida, Symphyla) and a single pasture 'increaser' (Orthoptera).
Despite the large number of indicator taxa, few showed statistically significant responses to shading and litter depth (Table 1) . A number of 'generalists' significantly responsed to shading, mostly showing elevated abundances in plots at 0% and/or 50% shading, while abundances at 90% were lower.
Despite the lack of responses from individual indicator taxa, the composite index of rainforest 'increasers' based on pitfall-trapped ordinal-sorted arthropods responded positively to an increase in shading from 0% to 50% (Fig. 2a, Table 2 ). No experimental treatments affected the composite index of litter-extracted rainforest 'increasers' (Fig.   2b , Table 2 ). Shading also had a significant negative effect on the composite index of pasture 'increasers': abundances of pasture-associated arthropods were lower in the plots under 50% and 90% shading than in plots without shading, with no significant interaction between shading and mulch depth (Fig. 2c, Table 2 ). Composite habitat indices were not calculated for any habitat 'specialists' due to very rare occurrences (presence in less than four plots) of their component taxa.
Multivariate analyses using PERMANOVA showed statistically significant effects of shading on the composition of pitfall-trapped ordinal-sorted arthropod assemblages (Table 2) . A post-hoc permutation test showed that the coarse taxonomic composition of arthropod assemblages under 0% shading differed significantly from those under both 50% and 90% shading. Shading and litter depth treatments did not have a significant influence on the taxonomic composition of litter-extracted ordinal-sorted arthropods.
Ant species
Among pitfall-trapped ants, there were six rainforest 'specialists', as defined by Nakamura et al. (2007) Of the four rainforest indicators tested, Hypoponera sp.1 (litter-extracted rainforest 'increaser') responded significantly to the experimental treatments (Table 3) , progressively increasing in abundance with increased shading.
Within pitfall-trapped ants, the composite index value for rainforest 'specialists' was greater in plots with shallow than deep mulch (Fig. 3a, Table 4 ). No experimental treatments influenced the composite index of rainforest 'increasers' significantly ( Fig.   3b , Table 4 ). Levels of the composite index of pasture 'specialists' were significantly lower in plots with 90% shading compared with those with 0% shading (Fig. 3c , Table   4 ). Composite habitat indices were not calculated for litter-extracted ants, as only one component species was identified for each group of habitat indicators.
Multivariate analysis showed statistically significant effects of shading on species composition of pitfall-trapped ant assemblages (Table 4) . The response was similar to that observed for ordinal-sorted arthropods: assemblages of pitfall-trapped ant species in plots under 0% shading were different from those under 90% shading, and assemblages under 50% shading were intermediate.
No ant functional groups responded significantly to the experimental treatments.
The strongest response within ant functional groups was that pitfall-trapped 'cryptic species' showed a non-significant trend to increase in relative abundance with increased mulch depth (ANOVA for the effect of shading and mulch depth: P = 0.226, P = 0.083 respectively; interaction P = 0.520). Mean soil moisture content was higher in pasture (at least 100 m away from the forest edge) than in rainforest (Fig. 4) . Compared with control plots (no mulch or shading), a relatively high soil moisture content was maintained by all experimental plots regardless of differences in shading and mulch depth; however, none were as moist as the pasture or rainforest reference sites. No significant effects of shading or mulch depth were found on soil moisture content across the experimental treatments (two-factor ANOVA for the effect of shading and mulch depth: P = 0.885, P = 0.158 respectively; interaction P = 0.670), whereas a single factor ANOVA found significant differences among pasture, rainforest, no mulch (control) and the combined experimental treatments (P < 0.001), with pairwise tests showing that all were different.
Temperatures recorded in rainforest were lower on average than those in pasture, and the coefficient of variation of half-hourly temperatures over five days in rainforest was about half that of pasture (Fig. 5a ). The provision of mulch in the experimental plots suppressed extreme temperature fluctuations (compare the control plot in Fig. 5a with mulched, unshaded plots in Fig. 5b ). The presence of shading further reduced average temperatures and their coefficients of variation (Fig. 5b) .
DISCUSSION
Responses of arthropods to shading and litter depth
Previous studies of soil and litter fauna development in revegetated sites have reported an initial colonisation by species tolerant of harsh environmental conditions (e.g. Andersen, 1993; Dunger et al., 2001; Fox & Fox, 1982; van Aarde et al., 1996) . As In addition to the effects of microclimatic conditions, growth of herbaceous vegetation may have affected arthropod colonisation patterns, particularly those characteristic of pastures. Unshaded plots and some of the plots with 50% shade showed increased levels of colonisation by pasture-associated taxa (Fig 2c) . In these types of plot there was visible regrowth of herbaceous pasture plants, which potentially provided food and habitat for pasture-associated herbivorous arthropods, such as Homoptera and Orthoptera. Colonisation patterns of pasture ant species may have also been influenced by the supply of food resources (e.g. seeds from pasture, honeydew from Homoptera) associated with the growth of pasture plants.
In contrast to the strong effects of shading, our results suggest that the amount of litter may not be a strong determinant of arthropod assemblages in the context of rainforest restoration. Our results were consistent with the findings of other restoration studies of soil and litter arthropods colonising revegetated landscapes in various habitats (viz. sclerophyllous and temperate forest, shrubland, grassland, dune forest, heathland and rainforest), mainly from Australasia, Europe, North America and South Africa (53 studies reviewed by Nakamura (2007)). Using empirical and anecdotal evidence, these studies evaluated a large number of biotic and abiotic factors that potentially influence the colonisation of arthropod groups, including ants, beetles and spiders.. The effects of differing levels of canopy cover and litter have been well studied, investigated by 14 and 21 studies respectively. While significant or potential impacts of shading were reported by all of the 14 studies, this was not the case for the effect of litter quantity.
Seven of the 21 studies (including studies conducted in rainforest reforestation of formerly cleared landscapes, Jansen, 1997; King et al., 1998) , found no apparent responses in the rate of arthropod colonisation to different amounts of forest litter. 
Effects of the experimental context
Most restoration studies to date have employed a post-hoc empirical approach to investigate the effects of factors considered important for the development of colonising fauna (Michener, 1997) . The ecological effects of the factors under investigation are therefore difficult to elucidate, due to the presence of extraneous factors (Block et al., 2001; Catterall et al., 2004) . This problem is further exacerbated by the fact that restoration projects are generally carried out on a site-specific basis with no spatial replication, limiting inference from the data (Block et al., 2001) . This study provided an opportunity to test systematically the factors of interest since the experimental approach allowed for the construction of replicated units in which focal factors (i.e. shading and There were, however, a number of constraints associated with the experimental design, which potentially limited colonisation of the constructed plots by rainforest-dependent arthropods. First, experimental plots lacked some of the habitat components of reforested sites, namely live plants that supply freshly shed foliage and woody debris, both of which may be important for the colonisation and persistence of rainforest-dependent arthropods (Andrew et al., 2000; Majer et al., 1984) . Second, the mulch used in the experiment had been sterilised with steam, which may have killed potential food resources (e.g. prey micro-invertebrates, bacteria, fungi), and may have altered the chemical composition of the mulch, making it more or less favourable to arthropods. Third, the spatial and temporal scale of the experiment may have been insufficient for successful colonisation, although the location of plots adjacent to the forest edge maximised the probability of rainforest-associated taxa moving into the plots (Nakamura et al., 2008b) . These limitations may be reflected by the low colonisation rates of litter-associated rainforest ant species (e.g. Mayriella abstinens complex, Strumigenys harpya, Discothyrea and Lordomyrma spp., see Nakamura et al. 2007 ), which were either very low in abundance or absent from the experimental plots.
Nevertheless, a diverse array of arthropods, including rainforest-dependent taxa (albeit not as diverse as those commonly found in rainforest), did colonise the experimental plots and their assemblage composition responded differentially to the experimental treatments.
Implications for practice
In order to maximise rainforest biodiversity values (the occurrence of biota and 552  553  554  555  556  557  558  559  560  561  562  563  564  565  566  567  568  569  570  571  572  573  574  575  576  577  578  579  580  581  582  583  584  585  586  587  588  589   590 restoration. Ph.D. thesis, Griffith University, Brisbane. Nakamura, A., Catterall, C.P., House, A.P.N., Kitching, R.L., & Burwell, C.J. (2007) The use of ants and other soil and litter arthropods as bio-indicators of the impacts of rainforest clearing and subsequent land use. Journal of Insect Conservation, 11, 177-186. Nakamura, A., Catterall, C.P., Kitching, R.L., House, A.P.N., & Burwell, C.J. (2008a) Effects of glyphosate herbicide on soil and litter macro-arthropods in rainforest: implications for forest restoration. Ecological Management and Restoration, 9, 126-133. Nakamura, A., Catterall, C.P., Kitching, R.L., House, A.P.N., & Burwell, C.J. (2008b) Effects of isolation on the colonisation of restored habitat patches on forest-dependent arthropds of soil and litter. Insect Conservation and Diversity, 1, 9-21. Nakamura, A., Proctor, H., & Catterall, P.C. (2003) Significant values (P < 0.05) are highlighted in bold. Table 2 . Effects of shading and mulch depth on composite rainforest and pasture indices (ANOVA) and assemblage composition (PERMANOVA) of ordinal-sorted arthropods. Between-site effects are also shown. 'Difference' shows the results of post-hoc LSD (for composite indices) or permutation (for assemblage composition) tests (% levels with different letters are significantly different, P < 0.05).
Df for shading, mulch depth, interaction and site are 2, 1, 2, and 4 respectively. Composite habitat indices were not calculated for all 'specialist' indicators as they occurred at less than four plots, or were absent altogether. Significant values (P < 0.05) are highlighted in bold. 
